INTRODUCTION
Selenium has been found and accepted as an essential dietary nutrient for more than 40 yr. It is actively involved in resistance to oxidative stress (Brenneisen et al., 2005) , reproductive performance (Kaur and Bansal, 2005) , and immune function (Arthur et al., 2003) . Nutritional deficiency of Se is associated with many diseases. Previous data suggest that supplementation of Se can be supportive, to some extent, against certain types of cancers (Schrauzer, 2000; Whanger, 2004) .
Selenium supplementation of poultry rations is a routine procedure in some areas. Traditionally, Se has been added to poultry diets as inorganic salts, such as sodium selenite (SS). However, compared with inorganic forms of Se, organic forms of Se are less toxic (Tiwary et al., 2006) and more bioavailable (Cantor et al., 1982) . Over the last few years, there has been an interest in replacing part or all of this inorganic source with organic Se. Our previous publication showed that different sources of Se did not affect the performance of broiler breeders, but dietary organic Se increases the Se retention in tissues, eggs, and developing embryos of breeders . Furthermore, the impact of maternal nutrition on the offspring has received substantial attention in recent years. The development of the chick embryo is dependent on the nutrients deposited in the egg by the hen (Hamal et al., 2006 ). We found earlier that feeding hens organic Se resulted in greater retention of Se in the tissues of the offspring compared with SS Yuan et al., 2011) . The effect of maternal Se supplementation was reported to persist in the progeny for weeks after hatching (Pappas et al., 2005) .
Selenium is believed to exert its biological functions through its incorporation into selenoproteins as the amino acid, selenocysteine. Among them, selenoprotein P (SEPP1) is a unique selenoprotein, which is the only such protein known that contains multiple selenocysteine residues per protein molecule. Selenoprotein P is expressed in several tissues, but the greatest quantities of SEPP1 are generated by hepatocytes and secreted into the plasma (Carlson et al., 2004; 2005). On the one hand, more than 50% of plasma Se exists in SEPP1, suggesting a role for this protein in Se transport (Motsenbocker and Tappel, 1982) . On the other hand, SEPP1 has been demonstrated to exert an antioxidant effect under both in vivo and in vitro conditions (Traulsen et al., 2004; Steinbrenner et al., 2006) . Moreover, SEPP1 is a good marker of Se status because Se deficiency decreases SEPP1 concentration, causing the plasma Se concentration to decrease . Previous studies have demonstrated that Se deficiency caused a decrease in selenoprotein mRNA and protein level (Hill et al., 1996) . However, little is known about the regulation of the SEPP1 mRNA and protein levels by different sources of Se in poultry. Presently, selenized yeast (SY) is a popular organic source of Se used in practice, in which Se is presented predominantly in the form of protein-bound selenomethionine (SM; Schrauzer, 2003) . As a fermented product, SM contents of different batches or brands of SY products vary widely (Rayman, 2004) and its exact composition is hard to determine, which means unknown compounds exist in SY. On the other hand, the purity of chemically synthesized SM can achieve 99%. Though some comparisons between different sources of organic Se have been made in poultry (Skřivan et al., 2006; Leeson et al., 2008) , seldom has research focused on comparing SY and SM. Accordingly, the purpose of the present study was to investigate the effects of different sources of organic Se on SEPP1 mRNA and protein levels in broiler breeders and their offspring.
MATERIALS AND METHODS

Birds, Diets, and Design
One hundred eighty 40-wk-old Lingnan Yellow broiler breeders were randomly assigned to 3 dietary treatments (6 replicates per treatment). After feeding a basal diet for 8 wk to deplete body reserves of Se, the birds were fed the same basal diet (0.102 mg/kg of Se) supplemented with 0.15 mg/kg of Se from SS (Sigma-Aldrich Chemical Co., St. Louis, MO) or from SY (Sel-Plex, Alltech Inc., Nicholasville, KY) or from SM (Sigma-Aldrich Chemical Co.) for another 8 wk. The basal diet was formulated to meet or exceed the requirements of broiler breeders according to NRC (1994) except for Se (Table 1) . The birds were housed in laying battery cages, 2 hens per cage in the same house where temperature was maintained between 24 and 30°C. Approximately 20 lx of light were provided for 16 h per d. Hens were artificially inseminated weekly. All procedures were approved by the Animal Care and Use Committee of Zhejiang University.
During the last week of the experiment, 30 eggs per replicate were collected and incubated at 37.5°C and 55% RH in a commercial incubator with automatic egg turning and transferred to a hatcher on d 19. At the end of wk 8 and the incubation, 2 breeders and 2 oneday-old chicks per replicate were anesthetized with sodium pentobarbital and killed humanely; serum, liver, and kidney from breeders and 1-d-old chicks were collected and snap-frozen in liquid nitrogen. All samples were stored at −80°C for further determination.
Measurement of SEPP1 Concentration
Serum was separated by centrifugation for 20 min at 1,000 × g and 4°C. Liver and kidney samples were individually homogenized in 9 volumes of ice-cold KCl (0.15 mol/L). Homogenates were centrifuged at 3,500 × g for 15 min at 4°C. After centrifugation, supernatants were collected. Selenoprotein P concentrations in the serum and supernatants were determined by using an ELISA kit (Life Sciences Advanced Technologies Inc., Saint Petersburg, FL). The protein content of the tissue was determined with a Coomassie blue dye-binding assay (Bradford, 1976) . Bovine serum albumin was used as a protein standard.
Determination of SEPP1 mRNA Level
Total RNA was isolated from the liver and kidney of breeders and their offspring (50 mg of tissue) using Trizol Reagent (Invitrogen Life Technologies, Carlsbad, CA) according to the instructions of the manufacturer. The purity and concentration of total RNA were estimated by a spectrophotometer at 260 and 280 nm. The OD 260 /OD 280 ratios of all samples were between 1.8 to First-strand cDNA was synthesized from 2 μg of total RNA using Oligo dT primers and Superscript II reverse transcriptase (Invitrogen Life Technologies) following the instructions of the manufacturer. The resultant cDNA was stored at −20°C before use.
Specific primers for SEPP1 and GAPDH based on known chicken sequences were designed by using Primer Premier Software (Premier Biosoft International, Palo Alto, CA; Table 2 ). Quantitative real-time PCR was performed using Applied Biosystems 7500 Fast Real-Time PCR System (Applied Biosystems, Foster City, CA) and SYBR Premix Ex Taq Kit (Takara Biotechnology Co. Ltd., Dalian, China). Reactions were performed in a 25-μL reaction mixture containing 12.5 μL of SYBR Premix Ex Taq (2×) mix, 1.0 μL of cDNA, 0.5 μL of each primer (10 mM), and 10.5 μL of doubled-distilled water. The PCR procedure for SEPP1 and GAPDH was performed after 1 min of denaturation at 95°C as follows: 45 cycles of 95°C for 10 s, 60°C for 25 s. The melting curve analysis showed only one peak for each PCR product. The target mRNA level was normalized to the mean expression of GAPDH. The Δ cycle threshold method described in previous study (Zhou et al., 2009 ) was used to calculate the mRNA level. All samples were measured in triplicate.
Statistical Analysis
The pen was used as the experimental unit. The data of the 2 hens or 2 chicks within a replicate were merged. All data were analyzed using SPSS 16.0 for Windows (SPSS Inc., Chicago, IL). Comparison between groups was made by one-way ANOVA followed by the Duncan's multiple range test. The data are presented as mean ± SE. Differences were considered as significant at P < 0.05.
RESULTS AND DISCUSSION
SEPP1 Concentration
Our data showed that, compared with SS, both SY and SM significantly increased SEPP1 levels in the serum and liver of broiler breeders but not in the kidney (Figure 1 ). The levels of SEPP1 in the serum, liver, and kidney of offspring were significantly higher in SY or SM treatments than in the SS treatment (Figure 2 ). In addition, both in breeders and their offspring, no differences between SY and SM were observed.
Selenoprotein P is expressed in a variety of tissues (Burk and Hill, 1994) and has been shown to perform crucial functions in the transportation and delivery of hepatic Se throughout the body  Figure 1 . Effects of Se source on selenoprotein P (SEPP1) concentrations in the serum, liver, and kidney of broiler breeders. Data are expressed as means ± SE (n = 6). Bars with * are significantly different from the SS treatment at P < 0.05 by Duncan's test. SS = sodium selenite; SY = Se-enriched yeast; SM = selenomethionine. Schweizer et al., 2005) and also acts as an antioxidant (Burk et al., 1995) . Because the level of SEPP1 may be related to susceptibility to oxidant-induced disease, it is important to know how it is influenced by different forms of dietary Se. It was reported the different sources of Se resulted in no significant differences in SEPP1 concentration in humans (Persson-Moschos et al., 1998) . However, similar research in poultry has never been reported. Our study is the first to report that, compared with SS, both SY and SM significantly increased SEPP1 levels in the serum and liver of broiler breeders, whereas no differences between SY and SM were observed. Greater Se retention means more SEPP1 is needed to transport Se throughout the body. So, it is no surprise that the liver and serum SEPP1 concentration in SY or SM treatments is higher than that in SS. Additionally, previous findings suggested that the liver is a tissue that readily takes up Se and incorporates it into SEPP1, which is then secreted into the plasma for transport of Se to other tissues Schomburg et al., 2003) . This could be a potential reason that results of SEPP1 concentrations in the liver and kidney were different.
In poultry, the maternal diet was reported to influence the egg yolk compositions, hatchability, and embryonic mortality (Wilson, 1997; Karadas et al., 2005) . Selenium content of the maternal diet has also been shown to affect the egg and progeny (Gerhartz et al., 1999; Payne et al., 2005) , and the effect of maternal Se supplementation can even persist in the progeny for several weeks after hatching (Pappas et al., 2005) . The effect of maternal Se on the level of SEPP1 in the offspring, however, is seldom reported. The present study found that the levels of SEPP1 in the serum, liver, and kidney of offspring were significantly higher in SY or SM treatments than that in SS treatment, which is probably because organic Se is actively absorbed in the intestine, whereas inorganic Se is passively absorbed (Wolffram et al., 1989) and SM can also be incorporated nonspecifically into proteins in place of Met (Schrauzer, 2000 (Schrauzer, , 2003 .
The main difference between SY and SM is the different percentages of SM. The purity of chemically synthesized SM is about 99%, and the percentage of SM in SY is about 90%. However, we reported in a previous publication that there were no significant differences between 2 organic Se in increasing the liver Se content in broiler breeders and their offspring , which could be a possible reason for the absence of a significant difference in SEPP1 levels between SY and SM treatments.
SEPP1 mRNA Level
As we can see from Figure 3 , the liver SEPP1 mRNA level of broiler breeders in SY or SM treatments was significantly higher than that in the SS treatment; however, no differences were observed in the kidney of broiler breeders. In 1-d-old chicks, we found that chicks from SY or SM treatments had a significantly higher SEPP1 mRNA level than those from the SS treatment (Figure 4) .
It has been reported that Se availability is an important regulator of selenoprotein gene expression (Bermano et al., 1995) . Some previous data showed that selenoprotein mRNA abundance was not affected by Se status in rat or human hepatic, or bovine aortic endothelial cells (Bermano et al., 1996; Hara et al., 2001 ). Other researchers found that selenoprotein mRNA abundance is modulated by Se level in the thy- roid (Bermano et al., 1995) and human umbilical vein endothelial cells (Sneddon et al., 2003) . Taken together, these findings of differential effects in different cell lines suggest that regulation of selenoprotein gene expression by Se is tissue or cell specific. In this study, the liver SEPP1 mRNA level of broiler breeders in liver and kidney was found to be different, which indicates that tissue specificity of SEPP1 gene expression may exist in broiler breeders too. In addition, our data support previous findings that supplementation with SS or SY led to differentially expressed genes in poultry (Brennan et al., 2012) .
In 1-d-old chicks, our data showed that, both in liver and kidney, chicks from SY or SM treatments had a significantly higher SEPP1 mRNA level than those from the SS treatment, which can be explained by the fact that Se supplied via organic forms has a higher bioavailability and thus enhances endogenous Se level, leading to the induction of SEPP1 gene expression. Interestingly, however, the tissue specificity of SEPP1 gene expression existing in broiler breeders was not observed in their offspring, which indicates that the regulation of SEPP1 in broiler breeders was different from that in their offspring. Because the hatching process is considered to be a time of oxidative stress, more antioxidant is required to maintain the balance between the rate of free radical generation and antioxidant capacity in the developing embryo and newborn chick, which could be a potential factor leading to this result.
However, no differences in SEPP1 mRNA levels between SY and SM treatments existed. Because SY and SM are both organic Se and no differences in the Se retention in the breeders and their offspring existed between SY and SM treatments , we speculate that the bodies of breeders and their offspring may not be sensitive enough to tell the differences between SY and SM. In addition, the unknown compounds in SY may also play some roles in the regulation of SEPP1. Unfortunately, due to the limited evidence, we cannot fully explain this.
In conclusion, the concentration and mRNA level of SEPP1 in 1-d-old chicks significantly increased by using organic Se; however, differences were found between the 2 organic Se treatments, which suggests that Se concentration in 1-d-old chicks is an important factor in the regulation of SEPP1 because organic maternal Se increased the Se concentration of 1-d-old chicks but the 2 organic Se showed a similar value in transferring Se toward 1-d-old chicks. No differences in the concentration and SEPP1 mRNA level between SY and SM treatments were observed in broiler breeders either, which indicates that, though the percentage of SM in the 2 organic Se is different, the bodies of breeders may not be sensitive enough to tell the differences between SY and SM. 
